Nanoparticles (NPs) have the advantage of being biocompatible, stable and controllable when used as gene vehicles. [1] [2] [3] [4] They are also used in single-cell detection and have values of high sensitivity, rapid speed and real-time determination. 5, 6 However, an unsolved problem is that there are many obstacles, including the cell wall, cell membrane and nuclear membranes, which hinder the DNA-NPs to penetrate into cells favorably. [7] [8] [9] Thus, the potential application of NPs is under wraps. Therefore, it is urgent to develop a method to assist DNA-NPs to enter cells without hindrance.
demonstrated that ultrasound with a certain range of intensity could pierce instantaneous and reversible micro-channels through a cell wall or cell membrane, and even through a nuclear membrane; the disposed cells kept their biological properties without any change. Therefore, there would be a promising approach to solve the above-mentioned problem if ultrasound was used to mediate DNA-NPs entrancing the cells. Consequently, what must be considered is whether ultrasound will destroy the bound DNA or not. For this purpose, a series experiments were accomplished. The result implicated that NPs could completely protect DNA from ultrasound damage. The biological properties of the DNA released from DNA-NPs complexes would not be changed in this process.
Poly-L-lysine-starch nanoparticles (PLL-StNPs) were synthesized in water-in-oil. Firstly, soluble starch was put into water to make a 10% solution. Toluene and chloroform (with volume ratio 3:1) were mixed with a 2% surface-active agent of Spn80, and then an oil-phase solution was gradually formed. The aqueous solution was added to the oil-phase one, and rotated to form a micro-emulsion. Later, POCl3, as a crosslinking agent, was added and continued to be stirred. The micro-emulsion was scrubbed three times with acetone and ethanol. After being frozen to dry, a starch nanoparaticle (StNP) with negative charge was synthesized. Secondly, StNPs were suspended in a solution of phosphoric acid buffer (pH 7.4), and a PLL solution was added. The mixed solution was shaken for 6 h at room temperature. After being centrifuged and frozen to dry, PLL-StNPs with a positive charge were synthesized (Fig.  1) .
To investigate whether PLL-StNP could protect DNA from ultrasound damage or not, a PLL-StNP solution (StNP/PLL = 10/1, w/w) was added to three eppendorf tubes, and then pIRGFP plasmid DNA and pEGAD plasmid DNA (PLLStNP/DNA = 10/1, w/w) were added and left standing for 30 min at room temperature. After being treated with SB-120D ultrasonic generator (Shanghai SCIENTZ Research Institute of Biotechnology, China) at an intensity of 120 W, 40 kHz for 30, 20 and 10 min, respectively, three kinds of samples were dotted into agarose gel wells. The electrophoresis result demonstrated that the PLL-StNP could bind with DNA to form DNA-PLLStNP complexes, all the same, even after having been ultrasoundoniced for 10 -30 min. As shown in Fig. 2 To research whether poly-L-lysine-starch nanoparticle (PLL-StNP) could protect DNA from ultrasound damage or not, a series experiments were carried out: plasmid DNA-PLL-StNP complexes were treated with ultrasound for diverse times; the electrophoresis result proved that DNA bound to the complexes all the same. To investigate whether the conjugated DNA was completely protected or not, cDNA fragments bound to PLL-StNP were treated with ultrasound, and matched molecular beacons (MBs) were added. The cDNA-MB-PLL-StNP complexes exhibited dramatically increasing fluorescence, and had the same intensity as that of those MBs that were hybridized with free cDNA fragments. After being treated by ultrasound, the pIRGFP plasmid DNA-PLL-StNP complexes were transferred into COS-7 cells mediated by ultrasound. Green fluorescence protein expressed in most of the cells. Those results indicated that PLL-StNP could completely protect DNA from ultrasound damage. Furthermore, the DNA kept the same function as untreated one. of DNA-PLL-StNP complexes treated by ultrasound (lanes 4, 5 and 6) were similar to those of untreated ones (lane 3), which were retained in wells. Now, the suspicion should be considered as to whether the bound DNA in the complexes comprised pieces of fragments destroyed by ultrasound or not. In order to clarify this matter, the treated complexes were mixed with 2 mol/L NaCl to release DNA from the NPs (similar to He-X-X12). Agarose gel electrophoresis showed that the released DNA gave mixed bands (lane 7) corresponding to those of uncharged naked plasmid DNA (lanes 1 and 2). However, electrophoresis revealed that naked plasmid DNA was shattered when treated with ultrasound for 5 min, because there were dispersible bands in lane 8. Those results indicated that PLLStNP could provide protection against ultrasound.
To investigate which one, PLL or StNP, caused protection, DNA was conjugated with PLL and treated with ultrasound for 5 min; 1% agarose gel electrophoresis showed that the complexes were retained in the wells (Fig. 2, lane 9) . While DNA was extracted from similar ones, electrophoresis showed dispersible bands (lane 10). It was clear that the DNA in the DNA-PLL complex was damaged. Those results illuminated that it was PLL-StNP, not PLL, that could protect DNA from ultrasound damage. The possible reason for the NPs being able to protect the DNA against ultrasound was that the bound DNA folded into a special structure, and this sort of position effect hampered any breakage.
To further investigate whether the attached DNA was protected partially or completely, a detection experiment with molecular beacon (MB) (5′-FAMctgacgGCAAGGTTGTGAACACGGAGcgtcag-DABCYL-3′) was designed. Four eppendorf tubes were prepared. A PLLStNP solution and cDNA (5′-CTCCGTGTTCACAACCTTGC-3′) were added into the first one. A PLL-StNP solution and MBs were dripped into the second one. The third tube was mixed with a PLL-StNP solution and cDNA, dealt with ultrasonic sound for 30 min; then MBs were added. In the forth tube, cDNA fragments were added, after charged with ultrasonic for 30 min; a PLL-StNP solution was then added, left standing for 30 min under room temperature, and mixed with MBs. Finally, 10 µl solutions were taken out from the four tubes and dropped on slides, respectively. The fluorescence was observed under a Zeiss inverted microscope, and photographed by Polaroid DMC micro systems. The real-time fluorescence intensity was detected by a MSPUV-VIS 2000 micro spectrum system. As shown in Figs. 4 and 5, no fluorescence was observed when cDNA combined with PLLStNPs ( Fig. 3A; Fig. 4d ). Dim background fluorescence could be seen when free MBs conjugated with PLL-StNPs ( Fig. 3B;  Fig. 4b ), because no matched cDNA hybridized with the MBs; the MBs were in a stem-loop conformation, and the 5′ fluorescence reporter was quenched by a 3′ nonfluoresence quencher. While cDNA-PLL-StNP compounds having been treated with ultrasonic sound for 30 min and then mixed with MBs, the MB-cDNA-PLL-StNP compounds emitted dramatically increasing fluorescence ( Fig. 3C; Fig. 4a ), furthermore the intensity was equal to that of the same amount of MBs hybridized with the same amount of untreated cDNA segments. This suggested that PLL-StNPs could protect DNA from ultrasound damage, moreover the protection was complete, and thus the MBs could hybridize with matched DNA in the complexes and emitted equally intensity of fluorescence. When free cDNA was charged with ultrasonic for 30 min and commixed with PLL-StNP and MBs, it exhibited dim fluorescence ( Fig. 3D; Fig. 4c ). This result suggested that free cDNA was destroyed by ultrasound and could not be hybridized with MBs, so MBs were in a stem-loop conformation.
To further research whether ultrasound-diposed DNA could keep the same biological activities or not, we tested the function of the pIRGFP plasmid DNA in a cellular environment, similar to a reported method. 12 pIRGFP plasmid DNA-PLL-StNP complexes were exposed to ultrasound for 30 min, and then conducted into COS-7 cells mediated by ultrasound; 24 -48 h later, green fluorescence was imaged from the cells (Fig. 5 ). This result indicated that the pIRGFP plasmid DNA in DNA-PLL-StNP complexes remained active, and ultrasound did not change its biological properties.
In other words, under the aegis of NPs, the ultrasound did no harm to bound DNA, and had no effect on its biological features. The manipulation of DNA-NPs, which was mediated by ultrasound, has the potential to be widely applied in many fields. Initially, by the aid of ultrasound, those nanoparticles, which were conjugated with special DNA, might traverse cells easily to detect single live cell ultra-sensitively. For example, the real-time expression of special genes would be imaged when matched MBs are legated with NPs and transferred into cells in vitro. Secondly, ultrasound-based gene delivery will offer a promising approach in targeted gene therapy, by means of which ultrasound will be applied to special tissue or organs and assist them to transfer genes into target cells. Moreover, because RNA has certain features similar to DNA, the management of DNA-NPs regulated by ultrasound may also be copied to the operation of RNA-NPs; for instance, RNAi-NPs will be applied in this field. Thirdly, this manipulation will also be applied to animal transgenic technology to improve the transformation efficiency. In addition, in the field of plant trans-gene, as we all known, the cell wall is a natural barrier, which hampers extraneous genes to integrate the cell's genome. Since nanoparticles can break through the cell wall successfully with the assistance of ultrasound, nanoparticle gene vehicles will offer a feasible prospect in plant trans-gene technology. ANALYTICAL SCIENCES MARCH 2005, VOL. 21 
